characias is mitogenic to T-and, to a lesser extent, to B-, lymphocytes, but the purified E. characias lectin has no mitogenic activity. 6. The lectin from H. crepitans, but not that from E. characias, inhibits protein synthesis by a rabbit reticulocyte lysate.
The latices of several members of the Euphorbiaceae are caustic and toxic to animals, and sometimes have been used in popular medicine. The latex of Euphorbia characias L. (Mediterranean spurge) is toxic and was used to remove warts. Richet (1909) reported that the latex of Hura crepitans L. (syn. Hura brasilensis Willd.) (sandbox tree) has haemagglutinating properties and contains a toxic protein, crepitin, that he considered to be similar to ricin. Jaff6 & Seidl (1969) purified from the latex of the same plant a protein, also called crepitin, that had haemagglutinating but not mitogenic activity. From the seeds of H. crepitans a mitogenic lectin was purified by McPherson & Hoover (1979) , who called it 'hurin', and by Falasca et al. (1980) , whereas three lectins were reported by Pere et al. (1981) . A lectin was purified also from the latex of another member of the Euphorbiaceae, Synadrenium grantii (Premaratna et al., .
We describe now the purification and some properties of two lectins from the latices of H.
Abbreviation used: SDS, sodium dodecyl sulphate.
§ To whom correspondence and reprint requests should be sent.
crepitans and of E. characias. Both lectins have haemagglutinating activity without any specificity for human blood groups, and have the highest affinity for galactose and galactose derivatives. The lectin from the latex of H. crepitans, like that from the seeds of the same plant, is mitogenic to human T-lymphocytes, and inhibits protein synthesis in a cell-free system.
Experimental

Materials
The latex of E. characias was collected from plants grown in the Botanical Garden of the University of Bologna and from wild plants growing in the fields in the territory of Castro dei Volsci, Italy.
The latex of H. crepitans was collected from a plant grown in the Botanical Garden of the University of Bologna. Another sample was obtained from Dr. L. E. Newton, Kumasi, Ghana; this sample had been diluted with 1Ovol. of 0.14M-NaCl, and had been kept at 4°C for 5 days.
The lectin from H. crepitans seeds was prepared as described by Falasca et al. (1980) .
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Human erythrocytes and blood samples used to separate human lymphocytes were obtained from the Centro Trasfusionale, Policlinico S. Orsola, Bologna, Italy. Rabbit erythrocytes were collected and washed as described by Falasca et al. (1979) .
Standards for Mr determination were from Boehringer-Mannheim, Mannheim, Germany.
[methyl-3H]Thymidine (specific radioactivity 20Ci/ nmol) and L-[P4C]leucine (340Ci/mol) were from Amersham International, Amersham, Bucks., U.K. Acid-treated Sepharose 6B (Pharmacia Fine Chemicals, Uppsala, Sweden) was prepared as described by Ersson et al. (1973) with a 3h acid hydrolysis. All other chemicals were from the same sources as in previous work (Falasca et al., 1979 (Falasca et al., , 1980 .
Purifcation ofthe lectins
Latices were diluted with 9-10 vol. of 0.14 MNaCi containing 5 mM-sodium phosphate buffer, pH 7.2, immediately after having been collected, and were cooled to 2-40C, or were frozen at -250C, if not used within the same day. All subsequent operations were performed at 2-40C. The samples were centrifuged at 40000g at 20C for 30min, and the supernatants were dialysed against the same phosphate-buffered saline for at least 24h. A milky supernatant was obtained from samples kept at 20C or frozen for 24h, whereas samples kept frozen for some days sometimes showed, on thawing, a sort of clot, and in these cases, on centrifuging, gave an almost clear supernatant. This difference did not affect the procedure, although a somewhat higher yield of lectin was obtained from supernatants which remained milky. The dialysed preparations were adjusted to 0.3 M with solid NaCl, and portions were applied to a column of acid-treated Sepharose 6B, previously equilibrated with 0.3M-NaCl containing 5mM-sodium phosphate buffer, pH 7.2. The column was washed with the same solution until the A280 of the effluent was below 0.1, and the retained material was eluted with 0.2 M-galactose in the same medium. The fractions of the peaks were pooled, dialysed extensively against water, and freeze-dried.
Chemical determinations
The amino acid composition was determined in samples extensively dialysed against water as described by Falasca et al. (1980) .
The neutral-and amino-sugar composition was analysed by g.l.c. as described by Dunstan et al. (1974) , with D-mannitol as a standard.
M, was determined by centrifugation in a sucrose density gradient (5-20%, w/v) as described by Martin & Ames (1961) Isoelectric focusing was carried out on Ampholine / polyacrylamide-gel plates (LKB, Stockholm, Sweden) at a pH range 3.5-9.5, according to the instructions supplied by the manufacturer.
Electrophoresis under non-denaturing conditions was performed on acetate strips (Chemegel; Chemetron Chimica, Rozzano, Italy) with the following buffer solutions: 0.15 M-sodium phosphate, pH7.2; 0.35M-/J-alanine/acetic acid, pH4.5; 0.37 M-Tris/glycine, pH 9.5. SDS/polyacrylamidegel electrophoresis was performed as described by Laemmli (1970) . Preparative polyacrylamide-gel electrophoresis was performed as described by Weber & Osborn (1969) , but SDS was omitted.
Protein was determined by the method of Lowry et al. (1951) , with bovine serum albumin (Sigma) as a standard, or spectrophotometrically (Warburg & Christian, 1941) .
Haemagglutinating activity
Human blood was obtained from the Centro Trasfusionale, Policlinico S. Orsola, Bologna, Italy.
Rabbit blood was collected from the ear vein, and was quickly mixed with 0.25 vol. of 0.38% sodium citrate. Erythrocytes were separated by centrifugation at 3000g fdr 10min at room temperature, were washed three times with 0.14M-NaCl containing 5 mM-sodium phosphate buffer, pH 7.2, and were resuspended in the same solution. Haemagglutinating activity was determined in Greiner microtitre plates as described by Falasca et al. (1980) . Each well contained, in a final volume of 100,l, 50,l of 2% erythrocyte suspension and serial dilutions (by doubling, starting from 500,ug/ml) of the lectins. All solutions and suspensions were prepared in phosphate-buffered saline containing bovine serum albumin (15,ug/ml). The inhibitory activity of the sugars was tested in a similar system, with 50,p1 of the lectins and 50pl of erythrocyte suspension and with serial dilutions (by doubling) of the sugars, in a final volume of 150,l.
Mitogenic activity Human lymphocytes were separated by densitygradient centrifugation through Ficoll-Hypaque as described by B0yum (1968) . T-and B-lymphocytes were further purified from Ficoll-Hypaqueseparated lymphocytes as previously described (Franceschi et al., 1981) . The purity of Tlymphocytes identified by their capacity to form rosettes with sheep erythrocytes, and of B-lymphocytes, identified by the direct fluorescent-antibody technique with sheep anti-(human immunoglobulin) serum (Wellcome Research Laboratories, Beckenham, Kent, U.K.), was more than 90%.
Stimulation of lymphocytes with lectins, culture conditions, and the 13Hlthymidine pulse were performed as previously described (Falasca et al., 1979) . After incubation, cultures were frozen at -20°C and, after thawing, were automatically collected on glass-fibre filters with a cell-culture harvester (Skatron, Oslo, Norway). Filters were transferred to counting vials and processed as described previously (Franceschi et al., 1981) . Radioactivity was determined in a scintillation spectrometer.
Assay ofprotein sYnthesis
The effect of lectins on protein synthesis was evaluated with a rabbit-reticulocyte-lysate system as described by Stirpe et al. (198 1) ; the details are given in the legend to Table 6 (below).
Results
Preliminary experiments showed that diluted latices of H. crepitans and of E. characias agglutinated rabbit erythrocytes and that agglutination was prevented by galactose. This prompted us to purify the lectins by affinity chromatography on acid-treated Sepharose 6B, as practised with the galactose-specific lectin from H. crepitans seeds (Falasca et al., 1980) . Lectins were eluted as single, sharp peaks with galactose; recoveries are given in Table 1 .
Chemical properties of the purified lectins Both H. crepitans and E. characias lectins showed a single band on centrifugation on a sucrose density gradient, with sedimentation rates corresponding to Mr 140000 for the H. crepitans and 80000 for the E. characias lectin. The H. crepitans lectin gave three partially resolved peaks when it was eluted from an acid-treated Sepharose 6B column with a 0-0.2M-galactose gradient (results not shown). When applied to a Bio-Gel P-150 column, the lectin from H. crepitans was eluted in a position corresponding to Mr 112 000, and that from E. characias in a position corresponding to Mr 80000.
On cellulose acetate electrophoresis, performed under non-denaturing conditions at pH4.5, 7.2 and 9.5, the E. characias lectin consistently showed a single band, whereas the H. crepitans lectin showed three bands at the same three pH values. Three bands were also obtained from H. crepitans lectin on preparative gel electrophoresis. These bands were eluted from the gel, and all of them had haemagglutinating activity towards rabbit erythrocytes and were mitogenic to human lymphocytes ( Fig. 1) .
On SDS/polyacrylamide-gel electrophoresis in the presence of 2-mercaptoethanol, the lectin from E. characias showed a single subunit with mobility corresponding to Mr 40000, and the H. crepitans lectin showed four subunits, with Mr values respectively 37500, 35500, 31000 and 29000 (mean values from four determinations). The two heaviest subunits seemed more abundant with respect to the smaller ones, as judged from the intensity of the coloured bands. If treatment with 2-mercaptoethanol was omitted, the lectin from H. crepitans showed three bands only.
On isoelectrofocusing, the lectin from E. characias showed a single molecular species with pl 5.3, whereas the lectin from H. crepitans showed again three bands, with pl values respectively, 7.3, 7.0 and 6.7. A summary of the physical properties of the H. crepitans and E. characias lectins is given in Table 2 .
The amino acid composition of the lectins is given in Table 3 . In this respect the lectin from H. crepitans latex is similar to, but not identical with, (Warburg & Christian, 1941 ) (0), and for haemagglutinating (-) and mitogenic (-) activity [the latter being expressed as 'stimulation index' (ratio between incorporation of [3Hlthymidine in the presence and in the absence of the lectin)].
that from the seeds of the same plant (Falasca et al., 1980) , having a lower content of arginine and a higher content of proline, alanine, valine, leucine and tyrosine. The abundance of dicarboxylic amino acids in E. characias lectin, consistent with the pl of this protein, and of sulphur amino acids, is noteworthy. The same lectin contains 11% carbohydrate, and the sugar composition is reported in Table 3 No sugars with the arrangement at C-3 and C-4 different from that of D-galactose (i.e. D-gulose, D-glucose, D-mannose) have any inhibitory activity. Considerable modification at C-5 and C-6* on the other hand. seems to be tolerated, since D-fucose and L-arabinose are still inhibitory.
A substitution at C-2 can abolish (2-deoxy-2-amino-D-galactose) or greatly increase (2-deoxy-2-acetamido-D-galactose) the inhibitory potency of the monosaccharide, but has no effect if the hydroxy groups at C-3 and C-4 are not in the D-galactose configuration (2-deoxy-2-acetamido-Dglucose. 2-deoxy-2-acetamido-D-mannose). The lectin purified from the seeds of H. crepitans, whose ability to agglutinate human erythrocytes in the presence of monosaccharides was evaluated at the same time, showed behaviour identical with that of the two other lectins, the results being somewhat different from those reported previously (Falasca et al. (I1980) with rabbit erythrocytes.
Mitogenic activit*l
The lectin from H. crepitans, when tested on separated human B-and T-lymphocytes, was mitogenic for the latter cells only, the lowest concentration stimulating 1 3Hithymidine incorporation being 0.71 nM. Maximal stimulation was approx. 66% of that given by phytohaemagglutinin at optimal concentration. and was obtained with H. crepitans lectin at lO,g/ml. Higher concentrations were less stimulatory.
The purified lectin from E. characias. at concentrations up to 100,ug/ml. did not affect [3Hi-thymidine incorporation by lymphocytes (results not shown). However, the dialysed latex from E. characias was mitogenic for both B-and T-cells (Table 5 ). This mitogenic activity was somewhat decreased if the latex was partially clarified by centrifugation. and was not modified after boiling for 2h in a water bath.
Effect on protein sY'nthesis Some galactose-binding lectins inhibit protein svnthesis in a cell-free system (Barbieri et al., 1979) . This prompted us to examine the effect on protein synthesis of the lectins from E. characias latex and Vol. 215 from H. crepitans latex and seeds. The E. characias lectin had little effect, whereas both the H. crepitans lectins significantly inhibited protein synthesis by a rabbit reticulocyte lysate (Table 6 ), although at a concentration (lOO,ug/ml) higher than those required to agglutinate erythrocytes or to stimulate lymphocytes. The inhibitory effect was not significantly modified in the presence of N-acetyl-Dgalactosamine, was decreased if the lectins were preincubated at 370C for 2h, and was completely abolished by preincubation at 370C in the presence of 2-mercaptoethanol.
Discussion
The lectins purified from the latices of H. crepitans and E. characias agglutinate human erythrocytes, the lectin from H. crepitans being the most potent. In the case of the former lectin, no significant differences were observed among various blood groups, whereas the haemagglutinating activity of the E. characias lectin was approx. 10-fold higher towards The inhibition of agglutination with simple sugars suggests an identical primary interaction site for both lectins. N-Acetyl-D-galactosamine and Dgalactose are the most inhibitory monosaccharides, and the comparison with the effects of other sugars indicates that the D-galactose configuration at C-3 and C-4 is essential for the interaction with both lectins.
In spite of the identical sugar-binding properties, the two lectins have a completely different effect on human lymphocytes in that only the H. crepitans lectin is mitogenic to T-lymphocytes. Thus the mitogenic activity seems unrelated to the sugar specificity, which suggests one of the following alternatives: either (i) E. characias lectin binds to cell receptors different from those for H. crepitans lectin, or (ii) should the two lectins share the same receptors, binding per se is not sufficient to trigger blastization.
The lack of mitogenic activity of E. characias lectin is not inconsistent with the mitogenic effect of the crude latex of the same plant. The decreased activity of the centrifuged latex suggests that this effect, which resists prolonged boiling, is due to the presence of the latex particles, which could act either per se or as carriers of non-proteinaceous mitogenic substance(s).
The lectin from H. crepitans, like some other galactose-binding lectins (Barbieri et al., 1979) , inhibits protein synthesis in a cell-free system. This effect is exerted at concentrations much higher than those causing haemagglutination, and is independent of the lectin property, since it is not modified in the presence of N-acetyl-D-galactosamine. Treatment with 2-meccaptoethanol abolished the effect on protein synthesis; this is at variance with what has been observed with ricin and related toxins (reviewed by Olsnes & Pihl, 1982) , and suggests that the inhibitory effect of H. crepitans lectin is exerted either by the whole lectin molecule rather than by Stirpe. 1982) . The inhibitory effect on protein synthesis of the H. crepitans lectin, however, does not seem to be due to contamination by traces of the ribosome-inactivating protein, since (i) it is also exerted by the lectin from H. crepitans seeds, which do not contain the other protein, and (ii) is abolished by treatment with 2-mercaptoethanol, which does not affect the activity of ribosome-inactivating proteins . The lectin purified from the latex of H. crepitans is similar to that obtained from the seeds of the same plant (Falasca et al., 1980) in several aspects (the sugar specificity. the lack of specificity for blood groups, the effect on protein synthesis). However, the two lectins are not identical, as shown (i) by the presence of isolectins in the latex, (ii) by the subunit composition (four identical subunits in the lectin from seeds, four different subunits in the lectin from latex), and (iii) by the amino acid composition.
Lectins have been obtained mostly from seeds. Present results extend previous observations on the presence of lectins in the latices or saps of members of the Euphorbiaceae (Premaratna et al., 1981) , of the Cucurbitaceae (Sabnis & Hart, 1978) and other plants (Gietl et al., 1979) , and indicate that these materials can be useful sources for the purification of lectins.
